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Conservation  Agriculture  (CA)  is  being  advocated  to enhance  soil  health  and  sustain  long  term  crop
productivity  in  the  developing  world.  One  of  CA’s  key  principles  is  the  maintenance  of  soil  cover often
by  retaining  a  proportion  of crop residues  on  the  ﬁeld  as mulch.  Yet  smallholder  crop–livestock  systems
across  Africa  and  Asia  face trade-offs  among  various  options  for  crop  residue  use.  Knowledge  of  the
potential  trade-offs  of  leaving  more  residues  as  mulch  is  only  partial  and  the objective  of this  research  is
to  address  some  of  these  knowledge  gaps  by  assessing  the  trade-offs  in  contrasting  settings  with  mixed
crop–livestock  systems.  The  paper  draws  from  village  surveys  in  12  sites  in  9  different  countries  across
Sub-Sahara  Africa  and  South  Asia.  Sites  were  clustered  into  3 groups  along  the  combined  population  and
livestock  density  gradients  to  assess  current  crop  residue  management  practices  and explore  potential
challenges  to adopting  mulching  practices  in  different  circumstances.  Results  show  that  although  high-
density  sites  face higher  potential  pressure  on  resources  on an  area  basis,  biomass  production  tends  to be
more substantial  in these  sites  covering  demands  for livestock  feed  and  allowing  part  of  the  residues  to  be
used as  mulch.  In medium-density  sites,  although  population  and  livestock  densities  are  relatively  lower,
biomass is scarce  and  pressure  on  land  and feed  are  high,  increasing  the  pressure  on  crop  residues  and
their opportunity  cost  as  mulch.  In  low-density  areas,  population  and  livestock  densities  are  relatively  low
and communal  feed  and  fuel  resources  exist,  resulting  in  lower  potential  pressure  on residues  on  an  area
basis.  Yet,  biomass  production  is low  and  farmers  largely  rely  on  crop  residues  to feed  livestock  during  the
long dry season,  implying  substantial  opportunity  costs  to  their  use  as  mulch.  Despite  its potential  beneﬁt
for  smallholder  farmers  across  the  density  gradient,  the  introduction  of  CA-based  mulching  practices
appears  potentially  easier  in  sites  where  biomass  production  is high  enough  to fulﬁl  existing  demands
for  feed  and  fuel. In sites  with  relatively  high  feed  and  fuel  pressure,  the  eventual  introduction  of  CA
needs  complementary  research  and  development  efforts  to increase  biomass  production  and/or  develop
alternative  sources  to alleviate  the  opportunity  costs  of leaving  some  crop  residues  as  mulch.∗ Corresponding author.
E-mail address: d.valbuena@cgiar.org (D. Valbuena).
378-4290/$ – see front matter © 2012 Elsevier B.V. All rights reserved.
oi:10.1016/j.fcr.2012.02.022©  2012  Elsevier  B.V.  All rights  reserved.
1. Introduction
Conservation Agriculture (CA) is being advocated over con-
ventional agriculture so as to enhance soil health and sustain
long term crop productivity (Govaerts et al., 2009; Hobbs et al.,
2008). CA revolves around three main principles: minimum soil
disturbance; permanent soil cover, primarily by retaining crop
1 ps Res
r
(
t
i
t
u
p
(
f
m
t
a
p
b
l
p
m
t
t
1
c
o
r
t
a
l
h
i
e
t
i
u
m
t
a
f
t
(
o
w
p
t
o
t
i
o
(
l
C
(
o
s
p
c
e
n
(
c
p
m
s
p
S
m76 D. Valbuena et al. / Field Cro
esidues as mulch; and crop rotation, especially with legumes
FAO, 2009). Although there has been a rapid uptake of CA, it tends
o be concentrated amongst relatively large-scale farmers located
n North America, South America, Australia and New Zealand and
hese account for an estimated 95% of the world area currently
sing CA practices (Kassam et al., 2010). Proponents argue that the
otential beneﬁts of CA can be equally extended to Africa and Asia
FAO, 2009; Wall, 2007), regions largely dominated by smallholder
armers, who often combine crop and livestock production in
ixed farming systems (McIntire et al., 1992).
In (sub)tropical Africa and Asia, smallholder mixed systems con-
ribute to the livelihood of two-thirds of the population, producing
 large part of the staple food and animal products consumed by
oor people (Herrero et al., 2010). These systems are characterised
y the combination and interdependence of crop production and
ivestock husbandry. While the crop component of these systems
rovides feed to the animals, the livestock component provides
anure and traction (McIntire and Gryseels, 1987), and is an impor-
ant saving option and source of cash income enabling farmers
o purchase inputs, food and other goods (Christiaensen et al.,
995; Fafchamps et al., 1998; Hoddinott, 2006; Moll, 2005). The
rop–livestock combination offers farmers a more diverse source
f food and income, reducing risk, diversifying labour use and
ecycling resources (FAO, 2001a,b). Despite such complementari-
ies, smallholder mixed systems often face numerous challenges
nd constraints, linked to often limited resources such as land,
abour, capital, competing demands and limited access to liveli-
ood enhancement opportunities, including access to information,
nputs, technologies and markets. The situation is exacerbated by
xternal factors such as an increasing climate variability, popula-
ion pressure, environmental degradation and low public/private
nvestment.
The inherent nature of mixed systems often implies competing
ses of crop residues since they are not only used as feed but also as
ulch/soil amendment, fuel and construction material, both within
he mixed farm and/or by others (Erenstein, 2002). Such trade-offs
re often dependent on the speciﬁc biophysical and socio-economic
arming characteristics and context, including factors related to
he availability and demand of residues and farmers’ preferences
Erenstein et al., 2011). For instance, one would expect such trade-
ffs tend to be more pronounced in mixed crop–livestock systems
ith high pressure on land and feed resources, as well as in
oorer regions where farmers cannot afford to invest in alterna-
ive biomass-enhancing technologies and have strong priorities
n securing immediate food needs. One of CA’s key principles is
he maintenance of some soil cover throughout the year, primar-
ly by retaining some crop residues on ﬁelds as mulch—alternative
ptions such as cover crops imply additional costs and challenges
Erenstein, 2003). Alternative crop residue uses—particularly as
ivestock feed—thereby tend to represent a major challenge for
A adoption in smallholder mixed systems across the (sub)tropics
FAO, 2009; Giller et al., 2009; Wall, 2007). Still, our knowledge
f these potential trade-offs is only partial, not least due to their
ite speciﬁcity in view of the broad range of mixed crop–livestock
roduction systems with different biophysical conditions, policy
ontext and market accessibility (Iiyama et al., 2007a; McIntire
t al., 1992). Indeed, a recent review and synthesis of CA ﬂagged the
eed to undertake comparative studies across different contexts
Knowler and Bradshaw, 2007). The objective of this paper is to
ontribute to ﬁlling some of these knowledge gaps by assessing the
otential trade-offs of eventually retaining more crop residues as
ulch in contrasting settings with mixed crop–livestock systems. Itpeciﬁcally assesses the diversity of crop residue use/management
ractices in mixed farming systems in contrasting sites across
ub-Sahara Africa and South Asia. It does so by drawing on a com-
on  research approach across regions involving clusters of villageearch 132 (2012) 175–184
surveys (semi-quantitative focus group discussions) in 9 differ-
ent countries to generate comparative indicators. We  hypothesise
that human population and livestock densities are key overarching
factors inﬂuencing the demand, supply and management of crop
residues. In other words, similar pressures on land and feed are
likely to result in comparable crop residue management practices
and thus similar trade-offs in terms of increased residue retention
as mulch for CA.
2. Methods
This scoping study aimed to cover a range of diverse mixed
farming systems in Sub-Sahara Africa and South Asia, includ-
ing different crop–livestock systems in contrasting agro-ecologies
and socio-economic settings. It ﬁrst stratiﬁed the target area into
4 (sub)tropical regions: Eastern Africa, Southern Africa, Western
Africa and South Asia. In each sub-region 3 contrasting sites were
purposively selected along a relative system intensity gradient
(low–medium–high, based on a combination of agro-ecology and
agricultural intensiﬁcation). In each site, one or two main regional
markets were selected, around which a set of 4–8 villages was  ran-
domly selected stratifying by distance to the selected markets and
major roads. The site selection was  primarily based on regional
expert knowledge within the regions where participating research
centres were based. Being a scoping study it purposively targeted
sites with different agro-ecologies, intensiﬁcation levels and mar-
ket accessibility and the selected sites are thus not necessarily
nationally or regionally representative. To enhance site diversity
each sub-region included at least 2 countries. The site selection
resulted in 12 sites across 9 countries: Ethiopia and Kenya in East-
ern Africa; Malawi, Mozambique and Zimbabwe in Southern Africa;
Niger and Nigeria in Western Africa; and Bangladesh and India in
South Asia. Table 1 summarizes the main biophysical and socio-
economic characteristics of the 12 research sites.
Quantitative village level surveys were conducted in all vil-
lages to better describe and understand the diversity of mixed
systems and crop residue management. The village surveys were
carried out during 2010 and early 2011 with groups of 10–30
farmers of different age, gender, land and livestock ownership to
capture the diversity of farming practices, including main crop
residue uses and general information about each local context. A
structured questionnaire was  developed by a multi-disciplinary
team of researchers working in the study regions, including
socio-economists, crop and livestock scientists. The questionnaire
included 6 parts (i) village location and population; (ii) land use,
cultivated area, grasslands and irrigated area; (iii) crop growing
seasons, main crops, use of crops and residues; (iv) herd com-
position, feeding strategies, feed shortages and use of manure;
(v) income composition per household wealth classes; and (vi)
livelihood indicators such as literacy, access to different services
and input/output prices. Many of the questions also included
a retrospective component to assess historical trends in farm
management and socio-economic conditions. The results of these
village level surveys were averaged at the site (village cluster) level
to facilitate the description and comparison across research sites.
For analytical purposes we  ﬁrst clustered the research sites
into broad population–livestock density clusters along a popula-
tion and livestock density gradient and subsequently compared
various relevant indicators across these clusters. These indicators
included selected biophysical and socio-economic factors, includ-
ing crop and livestock production, to better understand the supply
and demand for crop residues. Population density at the site (vil-
lage cluster) level was  estimated as the average number of people
living in a village divided by the average village size in hectares
(total reported village land, including uncultivated). Similarly,
D. Valbuena et al. / Field Crops Research 132 (2012) 175–184 177
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a
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Populaon vs. tlu densityFig. 1. Contrast of population and livestock density in research sites. Site id: see
Table 1. Triangles represent high-density sites; dots medium-density; and trape-
zoids low-density.
livestock density at the site level was estimated as the average num-
ber of tropical livestock units (TLU) within the village divided by the
average village size in hectares. The use of averages at a site level
limits the potential inﬂuence of extreme density values in speciﬁc
villages, which might unduly inﬂuence the average value calcu-
lated for a set of only 8 villages. Based on the population–livestock
density clusters, we explore the biophysical and socio-economic
context of the farming systems in the research sites. Then, we
describe the supply and demand side factors of crop residue man-
agement in the different sites and clusters, including a retrospective
component.
It is important to reiterate that this is a scoping study where
we aim to provide an initial assessment of the diversity and its
possible implications. Indeed, although the village level surveys
compiled quantitative indicators, these indicators are typically esti-
mates by the group informants and the number of villages in each
site is still relatively limited. Such indicators are still useful to illus-
trate the diversity and relative differences, but are less appropriate
for robust statistical analysis. In the present scoping study we  will
therefore often refer to apparent associations between indicators.
Complementary follow up research including household surveys,
some of which is already initiated, will allow for a more quantitative
analysis.
3. Results
3.1. Population–livestock density clusters and system overview
To identify relevant population–livestock density clusters the
population and livestock density gradients were plotted against
each other (Fig. 1). Three main clusters of sites thereby emerged
(hereafter referred to as density clusters): (i) a high-density cluster
where both population and livestock densities are relatively high,
that groups 3 sites—Bangladesh, India-1 and Kenya (identiﬁed by
triangles in Fig. 1); (ii) a medium-density cluster, mainly in terms
of livestock density, comprising 3 sites—both Ethiopian sites and
India-2 (identiﬁed by dots); and (iii) a low-density cluster with
relative low density of both population and livestock, comprising
the remaining 6 sites—including all sites in Southern and Western
Africa (identiﬁed by trapezoids).Selected livelihood indicators of the research sites are presented
in Table 2. The values of these indicators vary considerably, without
any apparent association to density clusters. One might expect an
inverse relation between population density and farm size—but the
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Table  2
Livelihood indicators in research sites.
Density cluster High density Medium density Low density
Site IDa IN1 BD KN ET2 IN2 ET1 ZW NG MZ  NE2 MW NE1
Densities
Human population (people/ha) 5.6 7.1 9.7 2.3 4.2 2.8 1.8 3.3 1.6 2.7 3.2 2.0
Livestock (TLUb/ha) 2.9 2.5 2.1 1.5 1.3 1.3 0.8 0.6 0.5 0.5 0.4 0.3
Assets  (average #/household)
Farm size (ha) 1.0 0.6 0.5 1.8 0.7 1.4 2.4 2.7 1.3 2.9 1.2 5.0
Household size (people) 6.9 5.5 5.8 5.3 5.5 5.6 8.1 8.7 6.1 11 8.3 9.2
Livestock (TLU) 3.3 2.0 1.1 3.3 1.7 2.5 3.7 1.6 2.2 1.5 1.0 1.4
Assets  & labour (% households)
Own  land 51 69 97 93 86 93 98 100 100 89 100 78
Own  livestock 88 88 89 83 79 77 70 99 65 64 49 66
Providing agri labour 55 53 54 10 85 4 46 64 59 75 12 34
Member out of the village 15 26 36 6 71 3 34 51 25 52 23 75
Female headed (% households) 5 9 44 16 13 23 38 8 22 21 8 12
Food  insecure (% hhc some-times
having only 1 meal per day)
4 3 16 0 28 7 7 7 2 31 17 13
Literacy (% adults) 54 53 58 43 38 39 82 50 56 50 59 38
Household income (%)
Agriculture 48 62 16 85 6 79 58 63 25 79 55 38
Agricultural labour 41 20 50 8 10 4 24 8 33 8 38 29
Off-farm 11 18 33 6 84 17 18 26 42 13 7 33
a Site id: see Table 1.
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ssociation appears relatively weak. Smallholder farmers prevail
cross all sites, with average farm sizes of less than 2 ha, except in
imbabwe and West African—all low density sites. Similarly, there
s no clear association between land ownership and density clus-
ers, albeit that the two sites with highest landlessness (i.e. lowest
hare of households owning land, Table 2) are both located in the
igh density cluster as expected. Reﬂecting our focus on mixed
mallholders, at least half the village households owned land and
t least half households owned livestock. These two shares are
ubstantially higher for most of the sites though (Table 2), with
he high-density India-1 site standing out due to half its house-
olds being landless and the low-density Malawi site for half the
ouseholds not having livestock. In most sites a substantial share
f households provide agricultural labour and/or have a mem-
er working outside the village, although this is less common for
he medium-density sites in Ethiopia. The research sites are still
rimarily agricultural, with over half of the reported average house-
old income coming from agriculture and agricultural labour—the
nly exception being India-2 with a heavy reliance on off-farm
ncome. Female-headed households were relatively common in
enya and Zimbabwe. Overall though the rural communities in the
esearch sites were relatively poor and had limited human capital,
eﬂected by a number of households being food insecure (only able
o eat 1 meal per day during part of the year) and relatively low lev-
ls of adult literacy (typically 38–59%, albeit higher in Zimbabwe).
.2. Crop–livestock production
Crop production in the research sites is typically dominated
y cereal production with a varying role for legumes and other
rops (Table 3). Cereals encompass both ﬁne grains (primarily in the
igh-medium density areas, including rice, wheat, teff) and coarse
rains (particularly in the medium-low density areas, includ-
ng maize, sorghum, millet–Table 1). Legumes (including cowpea,
eans, groundnut) are commonly present and intercropped in
ow-density sites, as well as in high-density Kenya where farm-
rs intercrop maize with beans. Other crops are varied, including
ubers and sugar cane in Kenya; and tubers and tobacco in Malawi.
Various crop production indicators appear to be associated
ith the density clusters (Table 3). Most obvious are indicatorsassociated with agricultural seasons and land use intensity. The
high-density sites all have two  or three main cropping seasons
per year, have a long cumulative annual growing season (9–10
months per annum) enabled by high crop water availability (irri-
gation access and/or high rainfall) and high agricultural land use
intensities (Table 3). The medium- and low-density sites all have
only one main cropping season, have a short annual growing season
(typically 6 or less months per annum) constrained by crop water
availability and have relatively low agricultural land use intensi-
ties (Table 3). For instance, in low density sites in Southern Africa
fallowing and communal grassland are common, resulting in rela-
tively limited cropped areas.
In line with expectations, crop intensiﬁcation appears positively
associated with the density clusters (Table 3). Market-oriented
smallholder crop production is largely limited to the high-density
cluster in South Asia, with smallholders elsewhere typically having
a dual purpose orientation of meeting home consumption needs
and marketing of surplus. Chemical fertilizer use is particularly
widespread in the high density cluster. Only Nigeria and Malawi
reach similar penetration of fertilizer use. In Nigeria this reﬂects
market access with widespread use but generally low fertilizer
rates; in Malawi it is associated with the government fertilizer
subsidy program and contributing to its relatively higher share of
crop produce being sold (albeit still less than half). Tractor tillage
is largely limited to high-density sites in South Asia, with animal
traction being commonly practiced elsewhere except in Malawi
and Niger-1 sites where hand tillage still prevails. Hand weeding
is dominant in all sites, excluding India-1 where herbicide use is
widespread.
Livestock production in the research sites is typically dominated
by large ruminants except in Nigeria where small ruminants prevail
(Table 4). Dairy animals appear to be positively associated with
the density clusters (Table 4). Other large ruminants include cattle
for meat and draft. Small ruminants tend to be more important
in the herd composition of low-density sites, excluding Zimbabwe
(Table 4). Access to grasslands was  extremely constrained in the
high-density sites in South Asia, but typically showed a marked
increase proceeding to medium- and on to the low-density cluster.
There was a marked diversity in the reported feed composition
across sites, of which only some appeared to be associated with
D. Valbuena et al. / Field Crops Research 132 (2012) 175–184 179
Table  3
Characteristics of crop production in research sites.
Density cluster High density Medium density Low density
Site IDa IN1 BD KN ET2 IN2 ET1 ZW NG MZ NE2 MW NE1
Crop areas (% cultivated area)
Cereals 88 81 36 84 88 96 82 65 67 72 59 58
Legumes 4 1 37 2 3 3 13 27 27 17 14 38
Other 8 19 27 14 9 2 5 8 5 11 27 4
Growing season
No. per year 2b 3 3 1 1 1 1 1 1 1 1 1
Duration (months pa)c 10.3 10.2 8.8 5.1 4.5 4.0 6.3 4.4 6.0 4.7 6.3 4.2
Ag.  land use intensity
(% area cultivated pa) 179 203 216 77 66 78 39 96 25 101 36 87
Market orientation
(% produce sold main 3 crops) 77 70 28 38 3 34 16 26 8 20 46 31
Agricultural inputs (% area)
Irrigated 84 74 0 2 6 1 0 4 1 0 2 0
Use  manure 51 95 54 22 65 8 28 100 15 73 38 53
Use  fertilizer 100 100 79 73 59 1 16 100 0 64 93 45
Use  herbicides 84 32 2 51 1 34 0 1 0 4 1 0
Mechanisation tillage (% area)d
By tractor 100 92 13 0 26 6 0 3 0 4 0 0
By  animal 0 11 64 100 66 99 96 61 59 74 27 0
Hand  weeding (% area) 50 100 98 98 99 100 100 98 100 100 99 88
a Site id: see Table 1.
b A third season exists, but not actively used.
c pa: per annum.
d Combinations of tractor, animal and manual tillage are possible, so does not necessarily sum to 100%.
Table 4
Characteristics of livestock production in research sites.
Density cluster High density Medium density Low density
Site IDa IN1 BD KN ET2 IN2 ET1 ZW NG MZ NE2 MW NE1
Livestock production
Share large ruminants (% TLU)b 98 82 91 90 89 88 79 12 72 59 68 80
Share  small ruminants (% TLU) 1 12 2 4 10 4 6 63 18 34 15 15
Share  other stockc (% TLU) 1 6 7 6 1 8 15 25 10 7 17 5
%  households with dairy animals 85 63 62 71 56 60 49 17 51 48 39 34
%  households with access to grassland 13 13 95 87 88 57 100 88 100 88 100 68
Shortages of feed (months/yr)
Crop residues 2.1 3.1 8.5 7.3 8.4 5.9 4.5 5.5 4.8 6.5 1.2 7.8
Green  fodder 2.5 3.6 5.3 6.0 8.4 7.0 n.a. 7.3 n.a. 8.0 n.a. 7.9
Grazing n.a. 5.3 5.8 6.8 7.0 9.4 5.8 5.6 5.6 6.0 4.9 6.3
Note: n.a.: not applicable.
t
c
d
T
F
ca Site id: see Table 1.
b TLU: tropical livestock unit.
c Other stock includes horses, donkeys, camels and poultry.
he density clusters (Fig. 2). Taken together, the contribution of
rop residues and green fodder declined from high-density to low-
ensity clusters, whereas the contribution of grazing increased.
he share of concentrates was relatively limited across all sites.
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ig. 2. Reported livestock feed composition in research sites. Note: *includes fodder
rops, cut & carry leaves/grass, and green crop by-products.The relative contribution of crop residues and green fodder to the
overall diet showed substantial variation. For instance in high-
density sites where the share of grazing was relatively negligible,
all households used crop residues, but green fodder provided a lim-
ited complementary share in Bangladesh and the major share in
Kenya (e.g. Napier grass). In medium-density sites, feed was a mix
of crop residues, green fodder and grazing. In low-density sites in
Southern Africa, grazing was  the major feed source for livestock,
complemented with crop residues in the driest part of the year.
In low-density sites in West Africa, where considerable livestock
markets exist, communal land has drastically shrunk or highly
degraded limiting grazing and promoting green fodder and to a
lesser extent concentrates (i.e. bran) as alternative feed. Despite
their high population and livestock densities, high-density sites
in South Asia reported relatively limited feed shortages (Table 4),
reﬂecting the ready availability of residues and green fodders, com-
plemented with concentrates, substituting for the lack of grazing
land. Particularly in India-1, around 87% of farmers used mechanical
cutters (or choppers) to improve the intake of crop residues by live-
stock. In medium-density sites and low-density sites in West Africa,
farmers reported the most prolonged shortages of feed resources
over the course of the year (Table 4), while in low-density sites in
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outhern Africa the duration of feed shortages was  intermediate.
alawi, one of the low-density sites, stood out for its limited dura-
ion of residue scarcity to feed livestock, linked to relatively limited
ivestock numbers.
.3. Crop residue management
There was a marked diversity in crop residue management prac-
ices across sites, which for the purposes of this study have been
roadly grouped into use as feed, left in the ﬁeld (as mulch or incor-
orated), traded and used for other purposes (including use as fuel,
onstruction and burnt—Fig. 3). The variety is perhaps not surpris-
ng given the diversity of sites and the associated richness in crop
nd livestock production practices and the population and live-
tock density-gradients. Still, across this diversity of mixed farming
ystems, cereal residue use as livestock feed remains a prevailing
se, including in low-density sites with limited livestock such as
alawi (Fig. 3). In high-density sites about a third of the cereal
esidues were used as feed, with higher shares in the medium-
nd low-density sites, even surpassing 80% in sites such as India-2
nd Southern Africa. Sites in which a substantial share of “sur-
lus” cereal residues were left in the ﬁeld (>20%) were largely
imited to the high-density cluster, including wheat and rice straw
n Bangladesh and India-1 respectively, and maize stover in Kenya.
ow-density Malawi again was the exception, with around 15% of
he maize and millet stover being reportedly left in the ﬁelds. Sub-
tantial trading of cereal residues was found in high-density India-1
wheat straw), medium-density Ethiopia-2 (teff straw) and West
frican sites (millet and sorghum stover), often for off-farm feed
se. A substantial share of cereal residues were also reportedly used
or fuel or construction in most sites, including India-1, Bangladesh,
enya, Ethiopia and West Africa.
Legume residues are often managed differently from cereal
esidues, not least because they typically have higher feed value.
et in view of the prevalence of cereals in the cropping patterns of
he research sites the available data collected for legumes are rela-
ively limited and do not allow for a detailed analysis. However, in
he sites in West Africa legume residues are often fed and traded,
hereas they are mostly used for cooking purposes in high-density
enya (Table 5).
In the last decade, increasing pressure on land and feed
esources have inﬂuenced the crop residue management across all
ites. The use of crop residues for stall feeding and stubble graz-
ng have increased in most sites (Table 5), reﬂecting a mounting
emand for crop residues as livestock feed. Five sites reported
ncreases in residue trading. Consequently, the amount of residues
eft in the ﬁeld has decreased in some sites, particularly in KenyaFig. 4. Relationship between the share of cereal residues used as feed and livestock
density in research sites. Note: Triangles represent high-density sites; dots medium-
density; and trapezoids low-density.
and Ethiopia because of the increasing demand on feed resources,
and increased in others. Both the high-density sites in South Asia
reported such increases, linked inter alia to increasing mechaniza-
tion (i.e. combine harvester). However, even in the low-density
cluster such increases have been reported. In Zimbabwe, farmers
argue that lack of labour and transport has limited the collection of
residues after harvesting; whereas in Malawi farmers mentioned
an increase in the use of mulching to improve the soil properties
over the last years. The use of crop residues as fuel has reportedly
increased in some sites as a result of the lack of alternative fuel
sources such as ﬁrewood.
The increasing use of crop residues for purposes other than
mulching implies that these have become a private good with an
explicit economic value. Residues are indeed privately owned in
the high-density sites and in medium-density India-2, whereas
they are often still regarded as public or semi-public elsewhere
(Table 5). The relatively limited trading of cereal residues in many
sites implies only scant available data for residue market prices
resulting in a wide array of relative residue to grain prices without
any clear pattern.
The feed share of cereal residues appeared to be negatively
associated with the density clusters (Fig. 3). Here we  revisit the
association by plotting the cereal residue use as feed against live-
stock density (Fig. 4). In Southern Africa’s low-density sites, cereal
residues represent an important feed resource mainly during the
driest part of the year to the extent that most cereal residues pro-
duced are used as feed. Yet, as a component of total feed intake,
residues are not as important as grazing (Fig. 2). Thus, shortages
of residues perceived by farmers tend to be lower than in the
medium-density and West African low-density sites. Nevertheless,
Southern African farmers are constrained by the lack of alternative
feed resources and low biomass production. In the medium-density
and West African low-density sites, residues represent an impor-
tant part of the feeding strategy. Besides feed use, farmers also use
residues as fuel or construction as a result of the limited availability
of alternative biomass resources, particularly in Ethiopia and West
Africa. This limited availability of alternative resources increases
the competition among residue uses in these mixed systems. All of
this translates into marked periods of feed shortages in medium-
density and West African sites. In high-density sites, despite the
higher demand for feed and fuel, crop production is intensive
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Table  5
Characteristics of crop residue management in research sites.
Density cluster High density Medium density Low density
Site IDa IN1 BD KN ET2 IN2 ET1 ZW NG MZ  NE2 MW NE1
Legume residuesb
% sold – – 0 – – – – 42 – 27 – 51
%  fed – – 8 – – – – 58 – 68 – 38
%  otherc – – 92 – – – – 0 – 5 – 10
Increase use as: (% villages)d
Stall feed 63 100 88 100 38 88 20 100 88 71 – 86
Stubble grazing – – 38 67 0 25 50 – 50 – 75 88
Fuel  – 71 100 100 – 63 – 88 – 57 – 100
Sold  from home 57 71 – – – 57 – 71 – – – 63
Left  in the ﬁeld (% villages)
Decrease 0 13 63 88 25 100 25 – 20 – 13 43
Increase 63 88 38 0 0 0 75 – 40 – 75 57
Ratio  crop residue:grain price 0.8 0.1 0.1 0.1 – 0.3 – 0.7 0.6 0.4 – 0.5
Private ownership (%) 100 100 100 38 100 0 33 – 0 – 43 –
a Site id: see Table 1.
b Only sites with more than 3 observations of the same type were included.
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nd residue production substantial, and therefore, residues are
ore readily available year around. Although crop residues are an
mportant part in the livestock diet—especially in South Asia—this
mounts to less than 50% of residues produced. In high density-
ites this allows crop residues to be left in the ﬁeld and/or sold
here markets have developed. In the case of Malawi, the high
roduction of maize stover—aided by fertilizer subsidies—together
ith the lower level of livestock ownership among households,
eads to a similar situation as in the high-density sites: high
iomass production to cover the feed and fuel demands, and
herefore, availability of some residues as mulch to improve soil
uality.
. Discussion
The aim of this paper was to obtain a better understanding of
rop residue management in mixed crop–livestock systems across
sub)tropical Africa and Asia in view of the CA-mulching require-
ents. For the purposes of the present scoping study, the use of
illage surveys provides an efﬁcient insight of farming processes
nd their context at a village level (Erenstein, 2010), despite not
liciting some of the variation within a village. Based on these com-
arative studies, it was possible to compare smallholder mixed
ystems and explore crop residue management practices along a
radient of human population and livestock density.
.1. Human population and livestock
ensity and crop residue use
Human population and livestock density in the research sites
re related: i.e. high human population density coincides with
igh livestock density. Increasing densities typically implies an
ncreasing demand for land, food and feed, inducing intensiﬁca-
ion of farming practices, as illustrated by the high-density sites in
outh Asia where agricultural inputs, irrigation and mechanisation
re the highest. In the Kenyan case, although rainfall is high, the
mall size of farms limits agricultural production forcing both land
ntensiﬁcation and livelihood diversiﬁcation through a high income
hare from agricultural labour and off-farm employment (Tittonell
t al., 2008; Iiyama et al., 2007b).  Intensiﬁcation of farming prac-
ices generally also results in higher biomass production and hence
nhanced availability of residues and other feed resources. Thus,
ome residues can be used as livestock feed, mulch and/or fuel;
lthough trade-offs also depend on the type of residue and market sites.
ed.
conditions. Despite such a relatively positive scenario, feed short-
ages still exist in high-density sites, as well as poverty, inequity
and environmental degradation, presenting key challenges to the
development of smallholder farms in these sites (Moebius-Clune
et al., 2011; Ralevic et al., 2010; Sharma et al., 2010).
In medium-density sites, human population and livestock den-
sities are lower, while agricultural production is less intensive and
alternative resources are scarce (e.g. feed, fuel and construction
material). In India-2 this is partially compensated by remittances,
while in the Ethiopian sites farmers still largely rely on crop and
livestock production. This results in high competition for residue
use, along with an overall scarcity of residue biomass. This leads
to most of the residues being taken from the ﬁeld to cover the
needs for feed, fuel and construction. Even then, feed shortages
appear the highest in these medium livestock density sites. The
already precarious situation in these sites is further aggravated by
increasing human population and livestock numbers, food insecu-
rity, low market access/participation and land degradation (see also
Spielman et al., 2011; Dhaka et al., 2011).
In low-density sites, human population and livestock densities
are by deﬁnition relatively low, albeit that croplands continue to
expand and thus reduce communal grazing resources, particularly
in West Africa (Gaiser et al., 2011; Hiernaux et al., 2009; Powell
et al., 2004). Our low-density sites are all semi-arid and their arid-
ity, poor soil fertility and poor access to farming inputs result in low
crop productivity (Powell et al., 2004). Feed from expanding crop-
lands cannot compensate for the reduction of grazing resources,
and pressure on residues is therefore increasing, especially in the
West African sites where most of the communal land has disap-
peared or is largely degraded (Abdoulaye and Lowenberg-DeBoer,
2000; Sibanda et al., 2011). For legume residues, their high value
as feed and the increasing demands from livestock feed have cre-
ated localized residue markets in West Africa (Singh and Ajeigbe,
2007). In Southern Africa, limited access to legume seed and farm-
ers’ preferences for cereals as staple foods contribute to the limited
availability of legumes and their residues (Mazvimavi et al., 2010).
Where available, farmers appreciate legume residues particularly
for feeding small stock (Homann-Kee Tui et al., 2007). The reduced
rangelands and lack of alternative feed resources—especially dur-
ing the long dry season—lead to the removal of most of the residues
from the ﬁelds (Ben Salem and Smith, 2008; Ruﬁno et al., 2011). In
contrast, in Malawi, relatively higher rainfall, fertilizer subsidy pro-
grammes and low livestock numbers allow the use of residues as
feed and mulch.
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.2. Mulching of crop residues
The assessment of current crop residue management gives a
etter insight into the challenges and opportunities of CA-based
ulching with crop residues in different mixed crop–livestock sys-
ems. This study thereby supports the argument of Giller et al.
2009) that adoption of CA-based mulching is troublesome in farm-
ng systems with low biomass production. Our results suggest that
nly mixed systems with high biomass production compared to the
eed demands (i.e. livestock density) had enough surplus residues
o mulch. Such biomass production needs to be considerable in
ites where livestock are an important part of the livelihood of
mallholder farmers as in the case of the high-density sites. Never-
heless, complementary changes in farming practices (e.g. reducing
illage and residue burning) in these sites are still needed to actually
etain surplus residues as mulch in farmer ﬁelds (Erenstein, 2011;
ijay-Singh et al., 2008). In medium- and low-density sites, not only
iomass production, but also ownership of residues and livestock
ccess to the ﬁelds after harvesting represents major challenges to
ore widespread use of mulching (see also Mazvimavi et al., 2010;
yssen et al., 2011; Sibanda et al., 2011). Additionally, where mar-
ets develop for crop residues, this creates additional pressure and
bvious opportunity costs, even for households with no livestock
r an excess of residue production.
Our assessment also indicates that the adoption of mulching
ight be less problematic for some mixed systems than for others
Erenstein, 2003). Farmers in sites with high biomass production
ompared to demands on residues for feed, fuel or construction are
ore likely to be able to allocate extra residues for mulching prac-
ices. In sites where agricultural production or alternative resources
re unable to meet the growing demands for crop residues caused
y increasing human and livestock populations, the introduction
f mulching practices appears particularly challenging. Therefore
lthough CA-based mulching has the potential to improve agri-
ultural production in smallholder mixed farmers, its successful
ntroduction may  require levels of biomass production which are
ften lacking in the poor and drier areas of (sub)tropical Africa and
sia (Giller et al., 2009).
The results of this study also reiterate earlier statements that
here is no silver bullet for creating more sustainable farming sys-
ems (Erenstein, 2002; Giller et al., 2011a).  In the case of CA in mixed
ystems in Sub-Sahara Africa and South Asia, several challenges
emain:
. Soil cover challenges:  Although general patterns can be distin-
guished, trade-offs on residue use are both site and crop speciﬁc.
As shown in the present paper, human population and livestock
density, cropping intensity, access to alternative feed sources,
land and markets, and non-agricultural income represent socio-
economic factors to be included in the analysis of mulching
options for smallholder farmers. Furthermore, alleviating com-
peting residue demands often needs to be complemented with
additional management practices to ensure surplus residue are
actually retained as mulch/soil cover after crop establishment
(Erenstein, 2002).
. Legume rotation challenges:  Crop rotation, particularly with
legumes is one of the CA principles. Legumes are of particular
interest in view of being a potential organic source of nitrogen
to enhance soil health and quality (FAO, 2001a,b; Kassam et al.,
2010). Still, such potential contribution of legumes is challenged
by the often relatively high value of the above-ground legume
biomass as feed and being a potential income source for farmers
(Singh and Ajeigbe, 2007).
. Tillage reduction challenges:  Tillage either by animal or trac-
tor is widely practice across the research sites, indicating that
major changes in farming practices are needed to reduce tillageearch 132 (2012) 175–184
practices (Wall, 2007). Additionally, reducing tillage leads to
challenges in combating weeds (Mupangwa, 2009; Erenstein,
2002). Although herbicides can play an important role, their
use in particularly medium- and low-density clusters is often
constrained by their limited availability and cost and cash ﬂow
problems. Herbicide use is often less of an option for female
and/or poor subsistence farmers in remote areas (Mazvimavi and
Twomlow, 2009), where even fertilizer and seed availability is
a challenge. Reduced tillage may  also increase the weeding bur-
den for women, particularly in Sub-Sahara Africa (Giller et al.,
2009).
4.3. Implications for policy, research and development
From a CA perspective it is encouraging to note that
high livestock densities and mulching are not necessarily
antagonistic—provided adequate biomass is produced. More sober-
ing and perhaps somewhat surprising is the realization that even
in low livestock density areas with what appear as ample addi-
tional feed resources the feed pressure on crop residues can still
be high. This reiterates the importance of both demand and supply
factors whenever considering crop residue trade-offs and targeting
CA-based mulching. Solutions towards more sustainable farm-
ing systems require research and development organizations to
incorporate more closely the local biophysical and socio-economic
speciﬁcities of farming (Erenstein, 2002; Giller et al., 2011b).  Even
the diversity within sites and villages, and the diversity of plots
within the farm need to be considered to better target solutions
(Tittonell et al., 2010; Guto et al., 2011).
This research reiterates that crop and livestock are integral com-
ponents of most smallholder livelihoods in Sub-Sahara Africa and
South Asia, and therefore, technologies and approaches need to
include both crops and livestock to better sustain agricultural pro-
duction (Fresco and Steinfeld, 1998; Renard, 1997). In sites where
crop and livestock production represent a marginal income share,
farmers might face less agricultural risk, but also less interest to
develop more sustainable farming practices. As CA practices have
so far been more widely adopted in large-scale farms in the Amer-
icas and Oceania (Kassam et al., 2010), it seems likely that such
practices will be more easily introduced in the more intensive areas
in (sub)tropical Africa and Asia. Adapting economical and viable CA
options to suit the needs of poor smallholders particularly in drier
environments thereby remains a challenge that CA advocates need
to continue to address (Giller et al., 2011a).  Promising in this respect
is that mulching typically conserves soil and water and thereby
potentially can boost and stabilize crop productivity in water con-
strained settings (Erenstein, 2003; Kumar and Goh, 1999)—thereby
alleviating future trade-offs.
The present study is scoping by nature and did not intend to pro-
vide deﬁnite answers. Instead it does provide additional insights in
where and how best to target CA-based mulching interventions and
some of the complementary research and development needed.
In particular, our study ﬂags the important complementary role
of agricultural intensiﬁcation. It thereby suggests that introducing
mulching is relatively easier in already intensiﬁed agricultural sys-
tems with ample annual biomass production sufﬁcient to meet the
various demands including the retention of some crop residues as
mulch. In fact, in such intensive systems the introduction of CA
revolves around adapting viable management options so as to han-
dle and retain surplus crop residues as mulch; whereas in extensive
systems it now appears more a question of crop residue protection
so as to meet minimal levels of retention. However, at the same
time our study suggests that by enabling agricultural intensiﬁca-
tion, introduction of CA-based mulching practices would become
relatively easier and more viable.
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Our low-density sites tend to be extensive low input–low output
ystems with ongoing population increases inducing further crop
rea expansion—but not necessarily intensiﬁcation. The medium
ensity sites too remain relatively extensive—but with relatively
ess alternative feed sources and thereby pressing feed shortages.
he challenge thereby becomes how to viably intensify these sys-
ems to lift them to more viable yield and biomass productivity
evels. First, this calls for complementary crop intensiﬁcation tech-
ologies such as appropriate improved varieties, external input use
nd appropriate crop management, including options to increase
he efﬁcient use of water wherever water availability constrains
roductivity. Increased use of chemical fertilizers is a particu-
arly promising way to enhance yields and biomass production
Palm et al., 2001; Giller et al., 2011a).  Second, viable agricultural
ntensiﬁcation calls for an enabling environment through appro-
riate policies and developed markets and value chains. Indeed,
hereas chemical fertilizers now long exist, their use is limited
nd variously constrained in mixed smallholders systems, partic-
larly in medium–low density areas in Sub-Sahara Africa (Morris
t al., 2007). Despite renewed discussions on providing subsides
o smallholder farmers to purchase fertilizer and seed, such as in
alawi, subsidy programmes can bias crop choice (Chibwana et al.,
012) while facing political challenges (Banful, 2011). Third, system
ntensiﬁcation can be further complemented by the development
f alternative sources of feed, fuel and construction material. For
nstance, research and development could enhance forage pro-
uction and increase feed quality through dual purpose crops
Blümmel et al., 2003; Lenné et al., 2003; Ralevic et al., 2010). In
he end, overall economic development is also likely to reduce com-
eting residue demands by providing alternative and more efﬁcient
ubstitutes.
. Conclusions
Smallholder mixed systems in (sub)tropical Africa and Asia span
 wide and diverse gradient from low density (human population
nd livestock) extensive systems to high density intensive systems,
ut with crop residues being an important source of livestock feed
cross the board. In intensive systems the biomass productivity is
uch that only a share of crop residues produced is used as livestock
eed despite high livestock densities—leaving substantial surplus
esidues some of which are already retained in the ﬁelds. The exten-
ive systems in contrast present a precarious situation with limited
mounts of crop residues being intensively used as livestock feed
uring the long dry season and despite the availability of alter-
ative feed sources. Introduction of CA-based mulching in these
ixed systems thereby faces diverse challenges and opportunities.
ur study thereby highlights the important complementary role
f agricultural intensiﬁcation—ﬁrst as the intensiﬁcation gradient
elps better target and adapt CA-based mulching interventions;
nd second as intensiﬁcation enables the introduction of CA-based
ulching practices.
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